(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 376 761 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance withi Art. 158(3) EPC 



(43) 


Date of publication: 


(51) 


lntCl7: H01Q 13/08 




02.01.2004 Bulletin 2004/01 








(86) 


International application number: 


(21) 


Application number: 02705217.4 




PCT/JP2002/002454 


(22) 


Date of filing: 15.03.2002 


(87) 


International publication number: 








WO 2002/075853 (26.09.2002 Gazette 2002/39) 


(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 


• 


FUKUSHIMA, Susumu 




MC NL PTSETR 




Katano-shU Osaka 576-0021 (JP) 






• 


YUDA, Naoki 


(30) 


Priority: 15.03.2001 JP 2001073733 




Hirakata-shI, Osaka 573-0092 (JP) 


(71) 


Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


(74) 


Representative: Balsters, Robert et al 




CO., LTD. 




Novagraaf International S.A. 




Kadoma-shI, Osaka 571-8501 (JP) 




25, avenue du Pailly 








1220 Les Avanchets - Geneva (CH) 



(54) ANTENNA APPARATUS 

(57) A small antenna device having a wide frequen- 
cy band suitable for being built in mobile communica- 
tions apparatuses. This antenna device includes a pla- 
nar radiating element (radiating plate) and a grounding 
plate provided in parallel to and facing the radiating 
plate. A feeding line is disposed at approximately the 
end center of the radiating plate, and supplies high-fre- 
quency signals. A shorting portion shorts the radiating 



plate and grounding plate at near the feeding line. A slit 
is provided at an end face of the radiating plate approx- 
imately opposing the feeding line to form two resona- 
tors. A coupling level between two resonators is opti- 
mized by adjusting the shape or dimensions of this slit, 
or loading a reactance element or conductive plate on 
this slit. Accordingly, a small and short antenna with a 
preferred characteristic Is achieved. 



FIG. 1 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to surface- 
mounted antennas typically used In nnobile communica- 
tions systems such as mobile phones and short-dis- 
tance wireless communications. 

BACKGROUND OF THE INVENTION 

[0002] Frequencies in the UHF band and microwave 
band have been used exclusively for mobile communi- 
cations systems such as mobile phones and short-dis- 
tance wireless communications systems. Apparatuses 
used for these systems are required to cover a wide fre- 
quency band, be Inexpensive, small, light and portable. 
Accordingly, a wide-band, high-gain, small, light, and In- 
expensive antenna is desired for these apparatuses. 
[0003] One example of such antennas is a planar in- 
verted-F antenna, as shown in Fig. 28, which employs 
a microstrip conductor. The antenna shown in Fig. 28 is 
a commonly adopted short antenna which Is surface- 
mounted on a circuit board of an apparatus. 
[0004] In this antenna, radiating element 1 00 made of 
plate conductor (hereafter, a planar radiating element is 
referred to as a radiating plate) and grounding plate 1 01 
are disposed in parallel with a predetermined spacing, 
as shown in Fig. 28. In general, as shown in Fig. 28, 
grounding plate 101 is larger than radiating plate 100. 
A high frequency signal is supplied to a point (hereafter 
referred to as the feeding point) provided at a predeter- 
mined end of radiating plate 100 through feeding line 
102. A point near the feeding point and grounding plate 
101 are connected on radiating plate 100 by shorting 
plate 1 03 so as to ground at high frequencies. The name 
'inverted-F antenna' is derived from the shape of this an- 
tenna as seen from the side. 

[0005] The planar inverted-F antenna as configured 
above has an antenna radiating element on one face of 
grounding plate 101 . Accordingly, the radiating element 
is seldom blocked by other components in an apparatus 
when the antenna is built into the apparatus. The planar 
Inverted-F antenna is thus suitable for surface mounting 
In such apparatuses. 

[0006] However, the antenna as configured above 
may have a narrower bandwidth when the spacing be- 
tween radiating plate 100 and grounding plate 1 01 or a 
projected area of radiating plate 1 00 to grounding plate 
101 is made small. These dimensions can thus be re- 
duced by only a limited degree, making it difficult to fur- 
ther downsize and shorten the height of the antenna. 

SUiMIMARY OF THE INVENTION 

[0007] An object of the present invention is to offer a 
small and short antenna with a wider frequency band. 
[0008] An antenna device of the present Invention In- 



cludes: 

a radiating plate; 

a grounding plate facing the radiating plate; 
5 a feeding line disposed on a side or end of the ra- 
diating plate; and 

a shorting portion which connects a point close to 
the feeding line and the grounding plate. 

10 [0009] In addition, a slit is provided at a side or end at 
the side approximately opposing the feeding tine. This 
causes two resonators to be fonned on the radiating 
plate. The coupling level between these two resonators 
and positions of the feeder and shorting portion are ad- 

15 justed. 

[0010] The present invention has the following em- 
bodiments. 

(1) The antenna can be downsized by forming an 
20 approximately T-shaped or tongue-shape slit to 

give each resonator a Stepped Impedance Reso- 
nator (SIR) structure. 

(2) The antenna can be downsized by extending a 
part of the slit longer. 

25 (3) The coupling level between two resonators is 
adjustable over a wider range by providing a con- 
ductive coupling plate so as to extend over the slit 
via an insulating member. 

(4) The coupling level between two resonators is 
30 adjustable by partially changing the silt width. 

(5) The coupling level between two resonators is 
adjustable by partially changing the size of the cou- 
pling plate. 

(6) The antenna can be downsized and surface 
35 mounting is made feasible by forming the radiating 

plate and grounding plate respectively on the sur- 
face and rear face of the dielectric, magnetic sub- 
stance, or a mixture of the two. 

(7) The antenna radiating efficiency can be in- 
^0 creased by providing air to the space between the 

radiating plate and grounding plate. 

(8) The antenna can have a wider bandwidth and 
be downsized by forming plural independent slits. 

(9) A change In the radiation resistance of the an- 
45 tenna can be flexibly matched by adding or forming 

a reactance element between a part of one or both 
of the two resonators and the grounding plate. 

(1 0) The coupling level required for widening the an- 
tenna frequency band can be readily obtained by 

50 adding or forming a reactance element on a part of 
the silt. 

(11) The reactance element is configured with a 
coupling plate, a comb element, microstrip line, chip 
capacitor, or chip inductor. This simplifies the an- 

55 tenna structure, and also enables matching large 
changes in the radiation resistance of the antenna. 

(12) The coupling level between resonators is ad- 
justable over a wider range by short-circuiting the 
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coupling plate and at least one of two resonators. 

(13) Variations in the antenna characteristics during 
nnanufacture can be suppressed by defomning the 
comb element using a laser or polisher to adjust the 
capacitance of the element. 5 

(14) The slit is branched to form a rough T-shape 
about midway. At least one resonator has at least 
one of i) a capacitance element added to or formed 
on an area where a high-frequency electric field is 
dominant; and 11) an inductance element added to io 
orfonned on an area where a high-frequency mag- 
netic field is dominant. This reduces the necessary 
circuit constant of element, resulting in reduction of 

the element size and ioss in the element. 

(15) The slit is branched to form a rough T-shape '5 
about midway, and at least one of the branched slits 

Is bent approximately perpendicular near the side 
of the radiating plate toward the starting point of the 
slit. At least one resonator has at least one of i) a 
capacitance element added to or formed on an area 20 
where a high-frequency electric field is dominant, 
and ii) an inductance element added to or formed 
on an area where high-frequency magnetic field is 
dominant. This reduces the required circuit con- 
stant of element, resulting in reduction of the ele- 25 
ment size and loss in the element. 

(16) The radiating plate is divided into two areas: 
An area where the starting point of the sitt is present 
(first area), and an area where a shorting point or 
feeding point is present (second area). If the end 30 
point of the slit is present in the second area, the 
capacitance element and inductance element are 
respectively added to or fomned on the first and sec- 
ond areas. This enables reduction of the required 
circuit constant of element, resulting In reducing the 35 
element size and ioss in the element. 

(17) The radiating plate is divided into two areas: 
An area where a starting point of the slit is present 
(first area), and an area where a shorting point or 
feeding point Is present (second area). The slit is 40 
extended passing the second area and its end point 

lies in the first area. In this case, the capacitance 
element is added to or formed on the second area. 
This enables reduction of the required circuit con- 
stant of element, resulting in reducing the element 45 
size and loss in the element. 

(18) The slit is branched to the first resonator side 
and the second resonator side about midway, and 
each branch is named the first slit and second slit. 
The radiating plate is also divided into an area so 
where the starting point of the slit is present (first 
area) and an area where a shorting point or feeding 
point is present (second area). If the end point of 

the first slit is present in the second area, the ca- 
pacitance element and inductance element are re- ss 
spectively added to or fomned on the first and sec- 
ond areas in the first resonator. If the second slit is 
extended passing the second area and Its end point 



is present in the first area, the capacitance element 
is added to orfonned on the second area in the sec- 
ond resonator. This enables reduction of the re- 
quired circuit constant of element, resulting in re- 
ducing the element size and loss in the element. 

(19) At least one of the capacitance element and 
inductance element is added to or formed on at 
least one of a portion between the slits and a portion 
between the radiating plate and grounding plate. 
This achieves the required impedance characteris- 
tics forthe resonator and the required coupling level 
between the resonators. 

(20) The antenna can be downsized by adopting 
meander resonators. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a perspective view of an antenna device in 
accordance with a first exemplary embodiment of 
the present invention. 

Fig. 2 (a) shows frequency characteristics of input 
VWSR of a conventional antenna device. 
Fig. 2 (b) shows frequency characteristics of Input 
VSWR of the antenna device in accordance with the 
first exemplary embodiment of the present inven- 
tion. 

Fig. 3 is a perspective view of an antenna device in 
accordance with a second exemplary embodiment 
of the present invention. 

Fig. 4 is a perspective view of an antenna device in 
accordance with a third exemplary embodiment of 
the present invention. 

Fig. 5 is a perspective view of an antenna device in 
accordance with a fourth exemplary embodiment of 
the present invention. 

Fig. 6 is a perspective view of an antenna device in 
accordance with a fifth exemplary embodiment of 
the present invention. 

Fig. 7 is a perspective view of an antenna device in 
accordance with a sixth exemplary embodiment of 
the present invention. 

Fig. 8 Is a perspective view of an antenna device in 
accordance with a seventh exemplary embodiment 
of the present invention. 

Figs 9 (a) and 9 (b) are perspective views of an an- 
tenna device in accordance with an eighth exem- 
plary embodiment of the present invention. 
Fig. 10 is a perspective view of an antenna device 
in accordance with a ninth exemplary embodiment 
of the present invention. 

Fig. 11 is a perspective view of an antenna device 
in accordance with a tenth exemplary embodiment 
of the present invention. 

Fig, 1 2 is a perspective view of an antenna device 
in accordance with an eleventh exemplary embod- 
iment of the present invention. 
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Fig. 13 is an appearance of a comb element. 
Fig. 14 is a perspective view of an antenna device 
in accordance with a twelfth exemplary embodiment 
of the present invention. 

Fig. 15 is a perspective view of an antenna device 
in accordance with a thirteenth exemplary embodi- 
ment of the present invention. 
Fig. 16 Is a perspective view of an antenna device 
in accordance with a fourteenth exemplary embod- 
iment of the present invention. 
Figs. 1 7 (a) and 1 7 (b) are perspective views of an 
antenna device in accordance with a fifteenth ex- 
emplary embodiment of the present invention. 
Fig. 18 is a perspective view of an antenna device 
in accordance with a sixteenth exemplary embodi- 
ment of the present Invention. 
Fig. 19 Is a perspective view of an antenna device 
in accordance with a seventeenth exemplary em- 
bodiment of the present invention. 
Fig. 20 is a perspective view of an antenna device 
in accordance with an eighteenth exemplary em- 
bodiment of the present invention. 
Fig. 21 is a perspective view of an antenna device 
in accordance with a nineteenth exemplary embod- 
iment of the present Invention. 
Fig. 22 is a circuit diagram of a two-step ladder band 
pas filter. 

Fig. 23 is a circuit diagram of a parallel tunable two- 
step ladder band pass filter. 
Fig. 24 shows antenna input impedance character- 
istics when a distance between a shorting portion 
and feeding portion is changed. 
Fig. 25 shows antenna input impedance character- 
istics when a distance between resonators is 
changed. 

Fig. 26 is a perspective view of the antenna device 
of the present invention used for measuring char- 
acteristics shown in Fig. 27. 
Fig. 27 shows changes in resonance frequency 
when a silt length is changed. 
Fig. 28 is a perspective view of the conventional an- 
tenna device. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

First exemplary embodiment 

[0012] Fig. 1 shows an antenna device in a first ex- 
emplary embodiment of the present invention. 
[0013] Radiating plate 1 is disposed facing grounding 
plate 2 with a predetennined distance. Feeding line 3 is 
disposed at approximately the side center of radiating 
plate 1 , and supplies a high frequency signal to radiating 
plate 1 . 

[0014] One end of shorting portion 4 is connected to 
near feeding line 3 and the other end of shorting portion 
4 is connected to grounding plate 2. Shorting portion 4 
short-circuits radiating plate 1 at that position. 



[001 5] The start point of a slit 7 is provided on a side 
of radiating plate 1 roughly opposing feeding line 3. This 
slit 7 divides radiating plate 1 into two portions, forming 
resonance radiating elements 5 and 6 (hereafter simply 
5 referred to as a resonator). Resonators 5 and 6 are re- 
ferred to as first and second resonators in the following 
description. 

[0016] The antenna device in the first exemplary em- 
bodiment is designed to be analogous to the design of 

10 a filter circuit. The resonator configuring the filter is gen- 
erally designed not to emit electromagnetic waves, un- 
like the antenna radiating element which broadcasts 
electromagnetic waves. Accordingly, the filter and an- 
tenna are not completely equivalent, but in general show 

15 a high degree of similarity in behavior such as frequency 
characteristics. In other words, a method for broadening 
the filter frequency band Is taken Into account when 
broadening the antenna frequency band. 
[001 7] Fig. 22 is a circuit diagram of a two-step ladder 

20 band pass filter. 

[0018] Here, resonator 1001 is connected in series 
and resonator 1000 is connected in parallel to load re- 
sistance 1 002. 

[0019] Fig. 23 shows a circuit in which the above filter 
25 is equivalently transfomied to a parallel tunable band 
pass filter. 

[0020] In both Figures, load resistance 1002 corre- 
sponds to the antenna radiation resistance. An advan- 
tage of the parallel tunable band pass filter in Fig. 23 is 
30 that the resonance length can be made to 1/4 wave- 
length when the resonator Is configured with a distribut- 
ed constant line. This enables the reduction of filter di- 
mensions. 

[0021 J If the resonator which has the same system as 
35 the 1/4 wavelength resonator of the filter is applicable 
to the radiating element of the antenna, a design method 
identical to that for broadening the pass band of the filter 
can be used for the antenna. In addition, the antenna 
can be downsized. 
40 [0022] If resonators 1006 and 1007 in Fig. 23 are vir- 
tually considered as radiating elements of the antenna, 
Input signals are emitted from each resonator to outside. 
Accordingly, a radiation resistance is added to each res- 
onator with respect to an equivalent circuit. These radi- 
os atlon resistances, although not precisely determined, 
can all be replaced with load resistance 1 002 in Fig. 23. 
[0023] On the other hand, resonators 1 006 and 1 007 
in Fig. 23 correspond to first resonator 5 and second 
resonator 6 in Fig. 1 . 
50 [0024] Capacitor 1 003 in Fig. 23 corresponds to a ca- 
pacitor which couples resonators 5 and 6 by silt 7 in Fig. 
1, and capacitor 1004 in Fig. 23 corresponds to a ca- 
pacitor having a capacitance related to distance "d" be- 
tween feeding line 3 and shorting portion 4 in Fig. 1 . 
55 [0025] Resistance 1 005 represents the intemal resist- 
ance of a signal source connected to the antenna. 
[0026] As described above, a method for broadening 
the pass band of the BPF circuit in Fig. 23 similar to the 
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antenna structure is thus used for broadening the fre- 
quency band of the antenna device In this exemplary 
embodiment. 

[0027] The input impedance of the f liter is adjustable 
to match 50 Q. by selecting an appropriate capacitance 
for capacitor 1004 in Fig. 23. Fig. 24 shows the results 
of measuring the frequency characteristic of the anten- 
na input impedance, which correspond to the capaci- 
tance of capacitor 1004, when distance "d" between 
feeding line 3 and shorting portion 4 is changed. 
[0028] As shown in Fig. 24, the frequency character- 
istic of the input impedance generate a circle on the 
Smith Chart. It is apparent from Fig, 24 that this circle 
shrinks, as shown by reference numeral 1 01 0, by reduc- 
ing distance "d", thereby reducing the antenna input im- 
pedance. 

[0029] On the other hand, this circle expands, as 
shown by 1009 in Fig. 24, when distance "d" is in- 
creased. In other words, the antenna input impedance 
can be set to be close to 50 £2 by adjusting distance "d". 
[0030] The filter pass-band width can be broadened 
by selecting an appropriate capacitance for capacitor 
1003 in Fig. 23. Fig. 25 shows the results of measuring 
the frequency characteristic of the antenna input imped- 
ance when width "w" of slit 7, corresponding to the ca- 
pacitance of capacitor 1003, is changed. 
[0031 ] The frequency characteristic of the antenna in- 
put impedance draws a trace including multiple circles 
as shown in Fig. 25 when the slit width is changed in an 
appropriate range and when the shape and dimensions 
of resonators 5 and 6 are appropriately specified. This 
is similar to the frequency characteristic obtained by 
changing the coupling level between resonators in the 
filter. 

[0032] The frequency characteristic of the antenna in- 
put impedance in the first exemplary embodiment thus 
becomes as described below. 

[0033] When the width of slit 7 in Fig. 1 changes, the 
trace of frequency characteristic of the antenna input im- 
pedance is changeable, as shown by circles 1010 and 
1013 in the dotted line in Fig. 25. 
[0034] By optimizing the width of slit 7 in Fig. 1 using 
this characteristic, a trace for frequency characteristic 
of the input impedance showing the maximum size In a 
desired VSWR circle 1 01 2 (a circle representing VSWR 
= 3 in Fig. 25) can be selected. This enables the design 
of an antenna with extremely wide bandwidth. 
[0035] To achieve good impedance characteristic 
1 01 1 , as shown in Fig. 25, readily, the antenna shape is 
designed so as to make the frequency characteristic of 
resonators 5 and 6 in Fig. 1 almost the same, I.e., by 
giving approximately the same shape to resonators 5 
and 6. 

[0036] Fig. 2 (a) shows the VSWR frequency charac- 
teristic of the planar Inverted-F antenna described in the 
prior art, and Fig. 2 (b) shows the VSWR frequency char- 
acteristic of the antenna device In this exemplary em- 
bodiment. 



[0037] If the frequency range satisfying VSWR < 3 is 
defined as the antenna bandwidth, the antenna device 
in the first exemplary embodiment has approximately tri- 
ple the bandwidth of the prior art. 
5 [0038] The antenna in this exemplary embodiment 
has one band. However, it is possible to design an an- 
tenna having dual bands by adjusting the coupling level 
of resonators 5 and 6. 

10 Second exemplary embodiment 

[0039] Fig. 3 shows an antenna device in a second 
exemplary embodiment of the present invention. 
[0040] The shape of resonators 5 and 6 is changed 

IS from Uniform Impedance Resonator (UIR) shown in Fig. 
1 to Stepped Impedance Resonator (SIR) by adopting 
a roughly T-shaped slit 7. Compared to UIR, which has 
a fixed resonator width, the resonator length can be 
shortened in SIR by changing the resonator width in the 

20 nniddle. Consequently, the antenna size can be reduced. 
Experimental evidence shows that the antenna size can 
be reduced by about half by adopting the SIR shape for 
the resonator. 

25 Third exemplary embodiment 

[0041] Fig. 4 shows an antenna device in a third ex- 
emplary embodiment of the present Invention. 
[0042] Coupling plate 8 is disposed on the top face of 
30 resonators 5 and 6 across slit 7. However, an insulating 
material is provided between coupling plate 8 and slit 7. 
The third exemplary embodiment makes it possible to 
adjust the coupling level between resonators 5 and 6 by 
changing the position at which coupling plate 8 is dis- 
ss posed. 

[0043] In addition, the coupling level between resona- 
tors 5 and 6 can be made greater by narrowing the dis- 
tance between coupling plate 8 and at least one of res- 
onator 5 and resonator 6. Accordingly, the frequency 
40 characteristics of the antenna input impedance in Fig, 
25 are adjustable by changing the position of the cou- 
pling plate or the distance between the coupling plate 
and resonator. 

45 Fourth exemplary embodiment 

[0044] Fig. 5 shows an antenna device in a fourth ex- 
emplary embodiment of the present invention. 
[0045] A coupling plate is disposed on the same face 
50 as radiating plate 1 for achieving an antenna structure 
that is simple to mass-produce. As shown in Fig. 5, a 
slit is extended to a side face of the antenna device to 
adjust the coupling level of resonators 5 and 6. 

55 Fifth exemplary embodiment 

[0046] Fig. 6 shows an antenna device in a fifth ex- 
emplary embodiment of the present invention. The cou- 
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pling level between the resonators 5 and 6 is changea- 
ble by partially changing the width of slit 7. 

Sixth exemplary embodiment 

[0047] Fig. 7 shows an antenna device in a sixth ex- 
emplary embodiment. 

[0048] This antenna device has a partially modified 
coupling plate 8 disposed as in the third exemplary em- 
bodiment. The coupling level between resonators and 
coupling plate 8 can be changed. As a result, the char- 
acteristic of the antenna device is adjustable. 

Seventh exemplary embodiment 

[0049] Fig. 8 shows an antenna device in a seventh 
exemplary embodiment of the present invention. 
[0050] As shown in Fig. 8, slit 7 Is progressively ex- 
tended, and resonators 5 and 6 form a tongue shape. 
This allows a low resonance frequency to be designed 
for resonators 5 and 6. Consequently, the antenna can 
be downsized. 

[0051] Fig. 27 shows changes in the resonance fre- 
quency by changing the length of slit 7 for AL mm in the 
antenna device in Fig. 26, when the length of slit 7 in 
both resonators is the same. It is apparent from the Fig- 
ure that the resonance frequency of the antenna chang- 
es for about 70 MHz when the length of slit 7 changes 
for 1 mm. 

Eighth exemplary embodiment 

[0052] Figs. 9 (a) and 9 (b) show an antenna device 
in an eighth exemplary embodiment of the present in- 
vention. 

[0053] Resonators 5 and 6 are configured with a me- 
ander conductive plate. This allows to design a lower 
resonance frequency for each resonator. Consequently, 
the antenna can be downsized. The use of a helical or 
spiral resonator for each of resonators 5 and 6 can also 
achieve the same results. 

Ninth exemplary embodiment 

[0054] Fig. 1 0 shows an antenna device in a ninth ex- 
emplary embodiment of the present invention. 
[0055] As shown In the Figure, two slits 9 and 1 0 are 
provided on radiating plate 1 to form three resonators 5, 

6, and 11. A coupling level between resonators is ad- 
justable by changing the width of coupling plate 8, and 
slits 9 and 10. Consequently, a wide bandwidth antenna 
characteristic is achieved. 

Tenth exemplary embodiment 

[0056] Fig. 11 shows an antenna device in a tenth ex- 
emplary embodiment of the present invention. 
[0057] Radiating plate 1 is fonned on the top face of 



dielectric 1 2 and grounding plate 2 is formed on the bot- 
tom face of dielectric 12. Line 3 and line 4 as a shorting 
portion are formed on the side face of dielectric 12. 
Then, these lines are electrically coupled to feeding land 
13 and shorting land 14 provided on board 15. Here, 
grounding plate 2 and board 15 are bonded and in the 
same potential at high frequency. This structure makes 
line 3 a part of radiating plate 1 . Accordingly, this anten- 
na device is equivalent to the antenna shown in Fig. 1 , 
thereby achieving the same operations as that of the an- 
tenna in Fig. 1 . 

[0058] In this exemplary embodiment, dielectric 12 
may be replaced with a magnetic substance for the an- 
tenna device to operate as an antenna. 
[0059] Furthermore, dielectric 12 may be replaced 
with a mixture of dielectric and magnetic substance for 
the antenna device to operate as an antenna. 

Eleventh exemplary embodiment 

[0060] Fig. 12 shows an antenna device in an elev- 
enth exemplary embodiment of the present Invention. 
[0061] A required coupling level between resonators 
5 and 6 is achieved by adjusting the width of slit 7 or 
adding first reactance element 1 6. This achieves the 
coupling level which cannot be realized just by the 
shape of slit 7. In addition, second reactance element 
1 7 is added between resonator 5 and grounding plate 
2, and third reactance element 1 8 is added between res- 
onator 8 and grounding plate 2. This enables the adjust- 
ment of the Q value in addition to the resonance fre- 
quency of each resonator, thereby readily realizing a 
wide-band antenna characteristic. 

Twelfth exemplary embodiment 

[0062] Fig. 14 shows an antenna device In a twelfth 
exemplary embodiment of the present invention. 
[0063] A required coupling level between resonators 
5 and 6 is achieved by forming first comb capacitor 21 . 
In the same way, second comb capacitor 22 is formed 
between resonator 5 and grounding plate 2, and third 
comb capacitor 23 is fonned between resonator 6 and 
grounding plate 2. This structure readily realizes a wide- 
band antenna characteristic easily. 
[0064] Fig. 1 3 shows an example of a comb capacitor. 
[0065] Capacitance of comb capacitor 21 is deter- 
mined by dimensions of comb capacitor 21 , tooth length 
1 , gap s between teeth, tooth width w, and relative die- 
lectric constant. 

[0066] The comb teeth of the comb capacitor shown 
in Fig. 1 3 are formed of straight elements, but the same 
effect is achievable also with curved or inflected teeth. 
[0067] Tooth length 1 is adjustable by the laser or pol- 
isher to manufacture an antenna with less variations in 
the characteristic. 
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Thirteenth exemplary embodiment 

[0068] Fig. 15 shows an antenna device in a thirteenth 
exemplary embodiment of the present invention. 
[0069] In this antenna device, a coupling level be- s 
tween resonators 5 and 6 is adjustable by changing the 
length and width of first microstrip line 24. Impedance 
of resonator 5 is adjusted by adding second microstrip 
line 25 between an end of resonator 5 and grounding 
plate 2. In addition, microstrip line with an open end 26 
(open stub) is added to an end of resonator 6. Imped- 
ance of resonator 6 is adjustable by changing the length 
and width of this microstrip line 26. Consequently, an 
antenna device having a wide-band antenna character- 
istic is readily realized. 

Fourteenth exemplary embodiment 

[0070] Fig. 16 shows an antenna device in a four- 
teenth exemplary embodiment of the present invention. 
[0071] In this antenna device, chip component 27 is 
mounted between resonators 5 and 6 as shown in the 
Figure. This enables to add or fomri reactance with ex- 
tremely large circuit constant of element between reso- 
nators, If required, for achieving a wide-band antenna 
characteristic. A coupling level between resonators is 
also adjustable by changing a mounting position of the 
chip component. In the practical antenna design, it Is 
more efficient and also effective to change reactance 
and mounting position of the chip component for achiev- 
ing the required coupling level between the resonators 
than to adjust the width of slit 7. 

Fifteenth exemplary embodiment 

[0072] Fig. 1 7 (a) and Fig. 1 7 (b) show an antenna 
device in a fifteenth exemplary embodiment of the 

present invention. 

[0073] An effective length of the resonator can be 
made longer by shorting a point near an end of resonator 
5 or 6 and one end of coupling plate 8. This enables the 
downsizing of the antenna. 

Sixteenth exemplary embodiment 

[0074] Fig . 1 8 shows an antenna device in a sixteenth 
exemplary embodiment of the present invention. 
[0075] In this embodiment, resonators 5 and 6 are dis- 
posed on the surface of dielectric 12. Shorting portion 4 
having a narrower line width than that of resonators 5 
and 6 is disposed on an end face of the dielectric. The 
end of each resonator and one end of shorting portion 
4 are connected. This configuration allows the end face 
of dielectric 12 to be used also as a resonator, thereby 
achieving a longer effective length for the resonator. 
Furthermore, different line widths for shorting portion 4, 
and resonators 5 and 6 form a SIR resonator Accord- 
ingly, the antenna device can be downsized. 



Seventeenth exemplary embodiment 

[0076] Fig. 19 shows an antenna device in a seven- 
teenth exemplary embodiment of the present invention. 
[0077] In this embodiment, slit 7 provided on the radi- 
ating plate is branched to a T-shape about midway to 
form first and second slits. The first and second slits 
have end points 31 and 32 near an end of the radiating 
plate. The radiating plate is divided into two areas by the 
perpendicular bisector to the line from start point 28 of 
slit 7 to feeding contact point 29 on the radiating plate. 
These areas where start point 28 and feeding contact 
point 29 lie are called first area 33 and second area 34. 
Shorting portion contacts radiating plate 2 at shorting 
contact point 30. 

[0078] In Fig. 19, if end points 31 of the first slit and 
end point 32 of the second slit are located in second 
area 34, a high-frequency potential of the radiating plate 
against grounding plate 2 Is higher in first area 33 than 
in second area 34. Accordingly, a preferred antenna 
characteristic Is achievable with further smaller capaci- 
tance by loading capacitance element 35 in first area 
33. Moreover, a preferred antenna characteristic is 
achievable with further smaller inductance by loading in- 
ductance element 36 in second area 34 where a high- 
frequency current on the radiating plate is larger. 

Eighteenth exemplary embodiment 

[0079] Fig. 20 shows an antenna device in an eight- 
eenth exemplary embodiment of the present invention. 
[0080] In this embodiment, a slit provided on the radi- 
ating plate is branched to a T-shape about midway to 
forni first and second slits. Each slit is bent approximate- 
ly perpendicularly at near the end of the radiating plate, 
as shown in Fig. 20, and has end points 31 and 32. The 
radiating plate is divided into two areas by the perpen- 
dicular bisector to the line from start point 28 of the slit 
to feeding contact point 29 on the radiating plate, 
[0081] These areas where start point 28 and feeding 
contact point 29 are present are called first area 33 and 
second area 34 respectively. 

[0082] When end points 31 and 32 of first and second 
slits are present in the first area, a high-frequency po- 
tential of the radiating plate against grounding plate 2 is 
higher In second area 34 than in first area 33. Accord- 
ingly, a preferred antenna characteristic is achievable 
with a further smaller capacitance by loading capaci- 
tance element 35 in area 34. 

Nineteenth exemplary embodiment 

[0083] Fig. 21 shows an antenna device in a nine- 
teenth exemplary embodiment of the present Invention. 
[0084] In this embodiment, slit 7 provided on the radi- 
ating plate is branched to a T-shape about midway to 
forni first and second slits. These first and second slits 
have end points 31 and 32. In addition, only one end of 
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3. The antenna device as defined in Cialm 1 , wlierein 
a conductive coupling plate is provided near said 
radiating plate, via an insulating member, across 
said slit. 

5 

4. The antenna device as defined in Claim 1 , wherein 
a coupling level between said two resonators Is ad- 
justed by partially changing a width of said slit. 

10 5. The antenna device as defined in Claim 3, wherein 
a coupling level of said two resonators is adjusted 
by partially changing the size of said coupling plate. 

6. The antenna device as defined in Claim 1 , wherein 
15 a part of said slit is progressively made longer to 

decrease a resonance frequency of said resonator. 

7. The antenna device as defined in Claim 1 , wherein 
said radiating plate and said grounding plate are 

20 fomied on a surface of one of dielectric, magnetic 
substance, and a mixture of dielectric and magnetic 
substance. 

8. The antenna device as defined in Claim 1 , wherein 
25 a space exists between said radiating plate and said 

grounding plate. 

9. An antenna device comprising: 

30 a radiating plate; 

a feeding line provided on one of a side and an 
end of said radiating plate; 
a grounding plate provided facing said radiat- 
ingplate; and 

35 a shorting portion whose one end is provided 

near said feeding line and the other end is con- 
nected to said grounding plate; 

wherein a plurality of resonators are formed 
40 on said radiating plate by providing a plurality of slits 
on one of a side and an end face of said radiating 
plate approximately opposing said feeding line. 



the slit bends approximately perpendicularly, as shown 
in Fig. 21 , at near the end of the radiating plate. 
[0085] The radiating plate is divided into two areas by 
the perpendicular bisector to the line from start point 28 
of slit 7 to feeding contact point 29 on the radiating plate. 
These areas where start point 28 and feeding contact 
point 29 lie are called first area 33 and second area 34 
respectively. 

[0086] In Fig. 21 , end point 31 of first slit 1 is present 
in first area 33. In this case capacitance element 35 is 
loaded on second area 34 which has a higher high-fre- 
quency potential against grounding plate 2 on resonator 
5. On the other hand, a high-frequency current on res- 
onator 6 in second area 34 is higher because end point 
32 of the second slit is present In second area 34. Ac- 
cordingly, a preferred antenna characteristic is achiev- 
able by using a reactance element which has a further 
smaller circuit constant of element by loading induct- 
ance element 36 on second area 34. 

Industrial applicability 

[0087] The antenna device of the present invention 
has a slit on the radiating element of the planar inverted- 
F antenna to fonn two resonance radiating elements. 
The radiating elements are coupled by this slit, and 
achieves a wide-band frequency characteristic by gen- 
erating dual resonance. This enables to realize a small, 
short, and wide-band antenna device. Furthermore, this 
antenna device has diversifying options to adjust anten- 
na characteristics. Accordingly, the antenna device can 
be built in a range of communication apparatuses read- 
ily and flexibly. 



Claims 

1 . An antenna device comprising: 

a radiating plate; 

a feeding line provided to one of a side and an 
end of said radiating plate; 
a grounding plate provided facing said radiating 
plate; and 

a shorting portion whose one end is disposed 
near said feeding line and an other end is con- 
nected to said grounding plate; 

wherein two resonators Including a first reso- 
nator and a second resonator are formed on said 
radiating plate by providing a slit on a side face or 
an end face of said radiating plate approximately 
opposing said feeding tine. 

2. The antenna device as defined in Claim 1 , wherein 
said slit is one of a rough T-shape and tongue 

shape. 



10. The antenna device as defined in Claim 1 , wherein 
45 a reactance element is one of added to and fomied 

on between said grounding plate and a part of at 
least one of said two resonators. 

11. The antenna device as defined in Claim 1 , wherein 
50 a reactance element is one of added to and formed 

on a part of said slit. 

12. The antenna device as defined in one of Claims 10 
and 11, wherein said reactance element is formed 

55 by at least one of a coupling plate, a comb element, 
a microstrip line, a chip capacitor, and a chip induc- 
tor. 
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13. The antenna device as defined in Ctainn 4, wherein 
said coupling plate and at least one of said two res- 
onators are shorted. 

14. The antenna device as defined in Claim 12, wherein 
a capacitance of said element is adjusted by chang- 
ing a teeth shape of said element. 

15. The antenna device as defined in Claim 1 , wherein 
said slit is branched to a rough T-shape about mid- 
way, and at least one of said two resonators in- 
cludes at least one of: 

a capacitance element one of added to and 
fonned on an area where a high-frequency 
electric field is dominant; and 
an inductance element one of added to and 
fonned on an area where a high-frequency 
magnetic field is dominant. 

16. The antenna device as defined in Claim 1 , wherein 

said slit is branched to a rough T-shape about 
midway, and at least one of these branched slits is 
bent approximately perpendicularly at near a side 
of said radiating plate toward a start point of said 
slit, and at least one of said two resonators includes 
at least one of: 

a capacitance element one of add to and 
fonned on an area where a high-frequency 
electric field is dominant; and 
an inductance element one of added to and 
formed on an area where a high-frequency 
magnetic field is dominant. 

17. The antenna device as defined in Claim 1 , wherein; 

said radiating plate is divided into two areas 
by a rough perpendicular bisector to a line from a 
point where said shorting portion is provided (short- 
ing point) and a start point of said slit, said two areas 
being an area where said start point is present (first 
area) and an area where said shorting point is 
present (second area); and 

when an end point of said slit lies on said sec- 
ond area: 

a capacitance element is one of added to and 
formed on said first area; and 
an inductance element is one of added to and 
formed on said second area. 

18. The antenna device as defined in Claim 1 , wherein 
said radiating plate is divided Into two areas by a 
rough perpendicular bisector to a line from a point 
where said shorting portion is provided (shorting 
point) and a start point of said slit, said two areas 
being an area where said start point is present (first 
area) and an area where said shorting point is 



present (second area); and 

a capacitance element is one of added to and 
formed on said second area when said slit is pro- 
gressively made longer passing through said sec- 
5 ond area and its end point of the slit is present in 
said first area. 

19. The antenna device as defined in Claim 1 , wherein 
said radiating plate is divided into two areas by a 

10 rough perpendicular bisector to a line from a point 
where said feeding line is provided (feeding point) 
and a start point of said slit, said two areas being 
an area where said start point is present (first area) 
and an area where said feeding point is present 
15 (second area); and 

when an end point of said slit lies on said sec- 
ond area: 

a capacitance element is one of added to and 
20 formed on said first area; and 

an inductance element is one of added to and 
fonned on said second area. 

20. The antenna device as defined in Claim 1 , wherein 
25 said radiating plate is divided into two areas by a 

rough perpendicular bisector to a tine from a point 
where said feeding line is provided (feeding point) 
and a start point of said slit, said two areas being 
an area where said start point is present (first area) 
30 and an area where said feeding point is present 
(second area); and 

a capacitance element is one of added to and 
formed on said second area when said slit is pro- 
gressively made longer passing through said fi rst 
35 area and an end point i f the slit is present in said 
first area. 

21. The antenna device as defined in Claim 1 , wherein 
said slit is branched to said first resonator side and 

"to said second resonator side about midway as a first 
slit and a second slit, and said radiating plate is di- 
vided Into two areas by a perpendicular bisector to 
a line from a point where a shorting portion is pro- 
vided (shorting point) on said radiating plate and a 
4s start point of said slit, said areas being an area 
where said start point is present (first area) and an 
area where said shorting point is present (second 
area); 

when an end point of said first slit lies on said 
50 second area, said first resonator has: 

a capacitance element is one of added to and 
formed on said first area; and 
an inductance element one of added to and 
55 formed on said second area in said first reso- 

nator; and 

when said second slit passes through said 
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second area and an end point of said second slit 
lies on said first area, said second resonator has: 

a capacitance element one of added to and 
fomied on said second area in said second res- 
onator. 

22. The antenna device as defined In Claim 1 , wherein 
said slit is branched to said first resonator side and 
said second resonator side about midway as a first 
stit and a second slit, and said radiating plate is di- 
vided into two areas by a perpendicular bisector to 
a line from a point where a feeding line is provided 
(feeding point) on said radiating plate and a start 
point of said slit, said areas being an area where 
said start point is present (first area) and an area 
where said feeding point is present (second area); 

when an end point of said first slit lies on said 
second area, said first resonator has: 

a capacitance element is one of added to and 
formed on said first area; and 
an Inductance element is one of added to and 
fomned on said second area in said first reso- 
nator; and 

when said second slit passes through said 
second area and an end point of said second slit 
lies on said first area, said second resonator has: 

a capacitance element is one of added to and 
fomried on said second area in said second res- 
onator. 

23. The antenna device as defined in one Claims 15 to 
22, wherein at least one of a capacitance element 
and an inductance element is one of added to and 
formed on at least one of between said slits and be- 
tween said radiating plate and said grounding plate. 

24. The antenna device as defined in one of Claims 1 
and 9, wherein said resonators have a meander 
shape. 

Amended claims under Art. 19.1 PCT 

1. (Amended) An antenna device comprising: 
a radiating plate; 

a feeding line provided to one of a side and an 
end of said radiating plate; 
a grounding plate provided facing said radiating 
plate; and 

a shorting portion whose one end is disposed 
near said feeding line and an other end is con- 
nected to said grounding plate; 



wherein two resonators including a first reso- 
nator and a second resonator are fomned on said 
radiating plate by providing a slit on a side face or 
an end face of said radiating plate approximately 
5 opposing said feeding line, and said antenna device 

has an wide band frequency range responsive to a 
coupling level between said two resonators. 

2. The antenna device as defined in Claim 1 .where- 
to in said slit is one of a rough T-shape and tongue 

shape. 

3. The antenna device as defined in Claim 1 .where- 
in a conductive coupling plate is provided near said 

15 radiating plate, via an insulating member, across 
said slit. 

4. The antenna device as defined In Claim 1 , where- 
in a coupling level between said two resonators Is 

20 adjusted by partially changing a width of said slit. 

5. The antenna device as defined in Claim 3, where- 
in a coupling level of said two resonators is adjusted 
by partially changing the size of said coupling plate. 

25 

6. The antenna device as defined in Claim 1 , where- 
in a part of said slit is progressively made longer to 
decrease a resonance frequency of said resonator. 

30 7. The antenna device as defined in Claim 1 , where- 
in said radiating plate and said grounding plate are 
formed on a surface of one of dielectric, magnetic 
substance, and a mixture of dielectric and magnetic 
substance. 

35 

8. The antenna device as defined in Claim 1 , where- 
in a space exists between said radiating plate and 
said grounding plate. 

40 9. (Amended)An antenna device comprising: 

a radiating plate; 

a feeding line provided on one of a side and an 
end of said radiating plate; 
45 a grounding plate provided facing said radiating 

plate; and 

a shorting portion whose one end is provided 
near said feeding line and the other end is con- 
nected to said grounding plate; 

50 

wherein a plurality of resonators are formed 
on said radiating plate by providing a plurality of silts 
on one of a side and an end face of said radiating 
plate approximately opposing said feeding line, and 
55 said antenna device has an wide band frequency 
range responsive to a coupling level between said 
plurality of resonators. 
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10. The antenna device as defined in Claim 1, 
wherein a reactance element is one of added to and 
formed on between said grounding plate and a part 
of at least one of said two resonators. 

5 

11. The antenna device as defined in Claim 1, 
wherein a reactance element is one of added to and 
formed on a part of said slit. 

12. The antenna device as defined in one of Claims io 
10 and 11, wherein said reactance element Is 
formed by at least one of a coupling plate, comb 
element, microstrip line, chip capacitor, and chip in- 
ductor. 

15 

13. The antenna device as defined in Claim 4, 
wherein said coupling plate and at least one of said 
two resonators are shorted. 

14. The antenna device as defined in Claim 12, 20 
wherein a capacitance of said element is adjusted 

by changing a teeth shape of said element. 

15. The antenna device as defined In Claim 1, 
wherein said slit is branched to a rough T-shape 25 
about midway, and at least one of said two resona- 
tors includes at least one of: 

a capacitance element one of added to and 
formed on an area where a high-frequency 30 
electric field is dominant; and 
an Inductance element one of added to and 
fornied on an area where a high-frequency 
magnetic field is dominant. 

35 

16. The antenna device as defined in Claim 1, 
wherein 

said slit is branched to a rough T-shape about 
midway, and at least one of these branched slits Is 
bent approximately perpendicularly at near a side ^^o 
of said radiating plate toward a start point of said 
slit, and at least one of said two resonators includes 
at least one of: 

a capacitance element one of add to and 45 
fomried on an area where a high-frequency 
electric field is dominant; and 
an inductance element one of added to and 
fomried on an area where a high-frequency 
magnetic field is dominant. 50 

17. The antenna device as defined in Claim 1, 
wherein; 

said radiating plate is divided into two areas 
by a rough perpendicular bisector to a line from a 55 
point where said shorting portion is provided (short- 
ing point) and a start point of said slit, said two areas 
being an area where said start point is present (first 



area) and an area where said shorting point is 
present (second area); and 

when an end point of said slit lies on said sec- 
ond area: 

a capacitance element is one of added to and 
formed on said first area; and 
an inductance element is one of added to and 
formed on said second area. 

18. The antenna device as defined in Claim 1, 
wherein said radiating plate Is divided into two areas 
by a rough perpendicular bisector to a line from a 
point where said shorting portion Is provided (short- 
ing point) and a start point of said slit, said two areas 
being an area where said start point is present (first 
area) and an area where said shorting point is 
present (second area); and 

a capacitance element is one of added to and 
formed on said second area when said slit Is pro- 
gressively made longer passing through said sec- 
ond area and its end point of the slit is present In 
said first area, 

19. The antenna device as defined in Claim 1, 
wherein said radiating plate is divided into two areas 
by a rough perpendicular bisector to a line from a 
point where said feeding line is provided (feeding 
point) and a start point of said slit, said two areas 
being an area where said start point Is present (first 
area) and an area where said feeding point is 
present (second area); and 

when an end point of said slit lies on said sec- 
ond area: 

a capacitance element is one of added to and 
formed on said first area; and 
an inductance element is one of added to and 
fomned on said second area. 

20. The antenna device as defined in Claim 1, 
wherein said radiating plate is divided into two areas 
by a rough perpendicular bisector to a line from a 
point where said feeding line is provided (feeding 
point) and a start point of said slit, said two areas 
being an area where said start point is present (first 
area) and an area where said feeding point is 
present (second area); and 

a capacitance element is one of added to and 
fomned on said second area when said slit is pro- 
gressively made longer passing through said first 
area and an end point of the slit is present in said 
first area. 

21. The antenna device as defined in Claim 1, 
wherein said slit is branched to said first resonator 
side and said second resonator side about midway 
as a first slit and a second slit, and said radiating 
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plate is divided into two areas by a perpendicuiar 
bisector to a line from a point where a shorting por- 
tion is provided (shorting point) on said radiating 
plate and a start point of said slit, said areas being 
an area where said start point is present (first area) 5 
and an area where said shorting point is present 
(second area); 

when an end point of said first slit lies on said 
second area, said first resonator has: 

10 

a capacitance element is one of added to and 
fomried on said first area; and 
an inductance element one of added to and 
formed on said second area in said first reso- 
nator; and IS 

when said second slit passes through said 
second area and an end point of said second slit 
lies on said first area, said second resonator has: 

20 

a capacitance element one of added to and 
formed on said second area in said second res- 
onator. 



24. The antenna device as defined in one of Claims 
1 and 9, wherein said resonators have a meander 
shape. 



22. The antenna device as defined In Claim 1, 25 
wherein said slit is branched to said first resonator 
side and said second resonator side about midway 
as a first slit and a second slit, and said radiating 
plate is divided into two areas by a perpendicular 
bisector to a line from a point where a feeding line 30 
is provided (feeding point) on said radiating plate 
and a start point of said slit, said areas being an 
area where said start point is present (first area) and 
an area where said feeding point is present (second 
area); 3S 

when an end point of said first slit lies on said 
second area, said first resonator has: 

an capacitance element is one of added to and 
fomried on said first area; and 40 
an inductance element is one of added to and 
fomried on said second area in said first reso- 
nator; and 

when said second slit passes through said 45 
second area and an end point of said second slit 
lies on said first area, said second resonator has: 

a capacitance element is one of added to and 
formed on said second area in said second res- so 
onator. 



23. The antenna device as defined in one Claims 
15 to 22, wherein at least one of a capacitance el- 
ement and an inductance element is one of added ss 
to and fonned on at least one of between said slits 
and between said radiating plate and said ground- 
ing plate. 
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grounding plate 
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feeding line 
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shorting line 


5 


resonator 
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resonator 
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silt 
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coupling plate 


9 


slit 
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dielectric 
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feeding land 


14 


shorting land 
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board 


16 


first reactance element 


17 


second reactance element 
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third reactance element 
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comb element 


20 


comb teeth 


21 


first comb element 
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second comb element 


23 


third comb element 


24 


first microstrip line 


25 


second microstrip fine 


26 


third microstrip line 
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29 feeding contact point 

30 sliorting contact point 

31 slit end point 
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33 first area 
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35 capacitance element 

36 inductance element 

100 radiating plate 
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102 feeding line 

1 000. 1 006 resonator 

1 001 . 1 007 resonator 
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1 003 capacitor 
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